Introduction 49
Simian varicella virus (SVV) and varicella zoster virus (VZV) are neurotropic 50 alphaherpesviruses that establish latency within the sensory ganglia during 51 primary infection. Viral latency is generally characterized by a quiescent state 52 with limited gene expression; for example during herpes simplex virus (HSV) 53 latency only the latency associated transcripts (LATs) are abundantly expressed 54
(1). However, VZV latency can be associated with the transcription of multiple 55 genes including ORFs 4, 11, 18, 21, 29, 40, 41, 43, 57, 62, 63, 66, . 56
We have recently examined the SVV latent transcriptome from juvenile RMs and 57
found that SVV latency is characterized by a restricted gene expression profile 58 (10). SVV ORF61 was the most prevalent transcript detected during latent 59 infection, present in at least one sensory ganglion in all RMs tested and present 60 in 10 of 16 sensory ganglia total. We also detected SVV ORFs A, B, 4, 10, 55, 63, 61 64, 65, 66, 67 and 68, although immunoglobulin production due to agammaglobulinemia does not complicate the 67 outcome of varicella in children (11, 12) . In contrast, T cell deficiencies including 68 congenital, HIV infection or immune suppression lead to severe and 69 disseminated varicella (13) (14) (15) (16) (17) . Similarly, a higher incidence of HZ in aged 70 patients is associated with diminished T cell proliferation to VZV antigens in vitro 71 on October 20, 2017 by guest http://jvi.asm.org/ Downloaded from while antibody titers remain stable (18). Moreover, HIV patients are more 72 susceptible to HZ when absolute numbers of CD4 T cells decline to less than 500 73 cells per microliter (19) (20) (21) . Finally, the frequency of VZV reactivation is related to 74 the intensity of immune suppression with increased incidence in patients 75 receiving combined therapy than in patients receiving chemotherapy or 76 radiotherapy alone (22) . 77
78
We have recently shown that resolution of acute SVV infection is also dependent 79 on cellular immunity. Specifically, loss of CD4 T cells during acute SVV infection 80 in juvenile RMs resulted in higher peak viral loads, prolonged viremia and 81 disseminated varicella compared to controls (23). CD8 depleted RMs had slightly 82 higher viral loads and prolonged varicella rash compared to controls. Lastly, 83 CD20 depletion did not alter the severity of varicella or the kinetics and 84 magnitude of the T cell response. Our data indicates that CD4 T cell immunity is 85 critical in controlling acute SVV infection in RMs and is in agreement with clinical 86 observations during acute VZV infection. 87
88
To improve HZ associated morbidity, it is critical to understand the virological and 89 immunological parameters that control latency and reactivation. In the present 90 study we extend our previous reports (10, 23) and investigate the impact of T cell 91 and B cell loss as well as advanced age during acute infection on latent SVV 92 transcriptional profiles. Our data show that CD4 T cells are important whereas 93
CD8 T cells and B cells have a minimal impact on the establishment of SVV 94
delineate central memory (CD28+CD95+), and effector memory (CD28−CD95+) 210 T cell subsets. Samples were fixed, permeabilized (BioLegend) and dual-stained 211 using antibodies against IFNγ (eBioscience) and TNFα (eBioscience). Samples 212 were analyzed using the LSRII instrument (Beckton, Dickinson and Company, 213 San Jose CA) and FlowJo software (TreeStar, Ashland OR) . 214 215 Enzyme-linked Immunosorbent Assay (ELISA). ELISA plates were coated 216 with SVV lysate overnight at 4°C, blocked with 5% milk in wash buffer (0.05% 217
Tween in PBS) for 1 h at room-temperature (RT), washed three times with wash 218 buffer, and incubated with heat-inactivated (55°C, 30 min) plasma samples in 3-219 fold dilutions in duplicate for 1 h. After washing three times with wash buffer, 220 horseradish peroxidase (HRP)-conjugated anti-rhesus IgG (Nordic Immunology, 221
Netherlands) was added for 1 h, followed by addition of chromagen o-222 phenylenediamine•2HCl (OPD) (Sigma, St Louis, MO) substrate for 20 minutes 223 to allow detection and quantification of bound antibody molecules. The reaction 224 was stopped with the addition of 1 M HCl. The optical density was measured at 225 490 nm using an ELISA plate reader (SpectraMax 190, Molecular Devices, 226 Sunnyvale, CA). Endpoint IgG titers were calculated using log-log transformation 227 of the linear portion of the curve with 0.1 optical density (OD) units as the cut-off. 228
Titers were standardized using a positive control sample included with each 229
assay. 230

Statistical analysis. Statistical analysis and graphing was conducted with 232
GraphPad Prism software (GraphPad Software Inc., La Jolla, CA). Data in Figure  233 6 was analyzed by repeated measures of ANOVA with the Bonferroni post-test to 234 explore differences between groups (juvenile RM and aged RM) at each time-235 point. Logistic regression was used to determine statistical significance for 236 incidence of ORF expression between depleted and aged cohorts compared to 237
controls. 238 239
Results
240
CD4, CD8 and CD20 cell counts and viral loads at necropsy. To characterize 241 the impact of lymphocyte loss during acute simian varicella virus (SVV) infection 242 on latent SVV gene expression profiles, we analyzed sensory ganglia collected 243 from 12 rhesus macaques (RM, age 3-5, n=4 per group) that were depleted of 244
CD4 T, CD8 T, or CD20 B cells during acute infection (23). Circulating CD8 T 245
and CD20 B cells were undetectable between 0 and 14 dpi and circulating CD4 T 246 cells were significantly reduced between 7 and 17 dpi (23 and 25371 retained a moderate decrease (2.2 and 2.6-fold respectively) and 265 26108 returned to baseline levels of CD8 + cells. All RMs within the CD20 266 depleted cohort had CD20 + cell numbers at or near baseline levels (range 0.8 to 267
1.5 fold change) at the time of necropsy. 268
269
We measured SVV viral load in sensory ganglia by quantitative real-time PCR 270 using primers and probes specific for ORF21 (Table 2) . Ganglia were pooled at 271 necropsy and proportioned for multiple analyses, thus we were unable to 272 measure viral loads from the same portions used for transcriptional profiles. 273
Since, SVV does not infect all sensory ganglia equally, the viral loads in transcriptase PCR (RT-qPCR). To measure the latent SVV transcriptional 288 profile, total RNA was isolated from trigeminal ganglia (TG), cervical dorsal root 289 ganglia (DRG-C), thoracic dorsal root ganglia (DRG-T), and lumbar/sacral dorsal 290 root ganglia (DRG-L/S). For each ganglion, 1 μg of total RNA was amplified and 291 both total RNA and amplified RNA was analyzed by RT-qPCR using a primer and 292 probe set specific for the reference gene glutathione synthetase (GSS, M. 293 mulatta). All 63 ganglia contained amplifiable RNA using either the three-round or 294 the global amplification protocol (detailed in Materials and Methods, data not 295 shown). Average ± SD quantification cycle (C q ) value for total RNA using the 296 three-round amplification protocol was 23.0 ± 1.9 and for amplified RNA was 24.1 297 ± 1.9. Average ± SD C q value for total RNA using the global PCR amplification 298 protocol was 27.7 ± 3.3 and for amplified RNA was 28.5 ± 3.6. 299
Quantification of SVV transcripts was determined by linear regression of three 301 technical replicates of each standard template dilution covering five log 10 302 concentrations (10 to 1x10 6 copies) for each specific ORF primer/probe set 303 (n=69). All SVV ORFs were amplified with an efficiency of 90 to 110% except for 304 ORFs 18, 19, 36, 37, 50, 62, and 64 , which had a range of efficiencies from 75% 305 to 123% (data not shown). Figure 1 is a compilation of all individual qPCR data 306 points for each standard quantity using all SVV primer/probe sets (average ± SD). 307
Overall standard curve PCR efficiency was 97.5 ± 7.5%. The slope of the linear published (10). In summary, SVV ORF61 was the most prevalent transcript 319 detected during latent infection and was detected in at least one ganglion from all 320 RMs analyzed. Transcripts from SVV ORFs A, B, 4, 10, 55, 63, 64, 65, 66, 67 321 and 68, were also detected but the frequency of detection was substantially 322 reduced compared to ORF61 in latently infected sensory ganglia (Table 4) . 323 on October 20, 2017 by guest http://jvi.asm.org/
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In contrast, SVV transcription within ganglia of CD4 depleted RMs revealed that 325 all SVV ORFs except ORF39 was detected in at least one ganglion from CD4 326 depleted RMs (Figure 3 and Table 3 ). The breadth of transcription varied from 327 animal to animal with the detection of 64 of 69 ORFs in RM 24993 ( Figure 3B ) 328 and 15 of 69 ORFs in RM 25152 ( Figure 3D ). Transcriptional analysis of ganglia 329 from RM 24993 occurred at 63 dpi and this animal exhibited over a four-fold 330 reduction in CD4 + T cells whereas the ganglia of RM 25152 were harvested 85 331 dpi and the CD4 + T cells recovered to pre-depletion levels ( ORFs involved in DNA replication and virion assembly though at reduced 336 average copy numbers per μg of RNA (Table 3) . Overall, the differences in the 337 incidence of ORF expression between CD4 depleted and control RMs was 338 statistically significant (p<0.0001, Bonferroni corrected p-value=0.0004) ( Table 4) . 339
Moreover, the odds of ORF expression for CD4 depleted RMs is estimated to be 340 11.95 times that of control RMs (p=0.0004) with a 95% confidence interval of within the core region of the genome and include SVV ORFs 5, 7, 11, 12, 14, 19, 359 20, 34, 42/45, 44, 47, and 49 (Table 4) . SVV ORFs 5, 7, 11, 12, 14, 20, 44 and 360 49 are putative virion structural proteins while SVV ORFs 19, 34, 42/45 and 47 361 have a putative function in viral replication (30). Overall, the incidence of SVV 362 ORF expression in all ganglia from CD8 depleted RMs was not significantly 363 different compared to control RMs (p=0.07, Bonferroni p-value=1.0) ( Table 4) . 364
However, the incidence of SVV transcription was significantly higher in TG of 365 CD8 depleted RMs compared to control RMs (p=0.0321). The odds of ORF 366 expression for CD8 depleted RMs in the TG was estimated to be 3.53 times that 367 of control RMs with a 95% confidence interval of 1.11 to 11.23. 368
The latent SVV transcriptional profiles in CD20 depleted RMs were comparable 370 to those observed in non-depleted controls ( Figure 5 and Table 3 ). An additional 371 6 SVV transcripts (ORFs 1, 3, 7, 9A, 33 and 47) were detected in the CD20 372 depleted cohort, which were not detected in control RMs (Table 4) The severity of primary VZV infection as well as the incidence of VZV reactivation 421 increases in the immune compromised and the elderly. More specifically, it is 422
proposed that the loss of T cell-mediated immunity whether due to age 423 
DRGs was also higher compared to controls but was not statistically significant. It 462 should be noted that at necropsy, CD8 T cell numbers within the CD8 depleted 463 cohort were 1.2 to 3.5 fold lower than baseline (Table 1) (range 0.8 to 1.5 fold change from pre-depletion to necropsy, Table 1) in the 474 CD20 depleted RMs, which also presented latent SVV transcriptional profiles 475 similar to those observed in control RMs (Figure 7 ). These observations are 476 consistent with the fact that disease progression and severity during acute SVV 477 infection in CD20 depleted RMs was similar to non-depleted control RMs (23) . 478 Clinical studies also show that antibodies do not play a critical role in the control 479 of acute or latent VZV infection (11, 35) . 480
481
The development of age-related changes in the immune system of elderly rhesus 482 macaques occurs in a manner similar to that described in humans including a 483 ganglia from CD4 depleted RMs, 2 of 14 ganglia from CD8 depleted RMs, and 2 500 of 13 ganglia from CD20 depleted RMs (Table 4 ). The most prevalent SVV ORF 501 expressed in control and aged RMs was ORF61, but in CD4 and CD8 depleted 502
RMs ORF65 was the most prevalent, which was also detected during latency in 503 control RMs in 3 of 16 ganglia. SVV ORF65 is a putative tegument 504 phosphoprotein and the VZV homolog was shown to be unnecessary for viral 505 replication in both cell culture and in vivo (41-43). While in CD20 depleted RMs, 506 In conclusion, our data show that the presence of cell-mediated immunity during 515 the time of infection is important to the establishment of SVV latency and 516 influences gene expression in sensory ganglia. Our data also suggest that the 517 CD4 T cell population is crucial to the establishment and possibly the 518 maintenance of latency, which we will investigate further in future studies. 519 520
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